Steady Trapped Solutions to Forced Long-Short
Interaction Equation (Mitsuaki Funakoshi) \S 1. Introduction The resonant interaction between long and short waves is possible in several fluid systems. In a two-layer fluid system, the interaction is possible between a long internal mode and a wave packet of short surface mode whose group velocity is close to the phase speed $c_{p}'$ of the long internal $mode^{1,2)}$ .
Next, if a fluid flows over an uneven bottom topography at velocity $V'$ , waves will be generated, as in the case of mountain waves in the atmosphere. For bottom topography of large horizontal scale and small height, the generation of a long wave in a single-layer fluid can be described by the forced K-dV equation in the resonant case in which $V'$ is close to the phase speed of this $wave^{3,4)}$ . The same equation is derived also for a stratified fluid system when $V'$ is close to the phase speed of one of the wave modes of the system in the long-wave $limit^{5,6)}$ .
In this paper, for a two-layer fluid, both the resonant interaction between the long internal mode and the short surface mode, and the generation of the long internal mode by the resonant motion of the fluid relative to the bottom topography of large horizontal scale, are examined simultaneously.
\S 2. Forced Long-Short Interaction Equation
We consider two-dimensional irrotational motion of a two-layer inviscid fluid over a localized bottom unevenness, as shown in Fig.1 . Here the upper and lower fluids (with densities $\rho_{1}$ and $\rho_{2}(>\rho_{1})$ ) are assumed to be quiescent and to have depths 
where non-dimensionalized variables are expressed by dropping primes, and $r=h_{2}/h_{1},$ $\rho_{1}=p_{2}(1-\triangle)$ .
We also assume that the bottom moves at non-dimensional speed $V$ in this reference system. Therefore, $b$ depends only on x-Vt, and $barrow 0$ as $x-Vtarrow\pm\infty$ . Of course, the results shown below can be used under a simple variable transformation also for the case of the uniform fluid flow at speed -V over a quiescent bottom. For flat bottom $b=0$ , the linearized version of eq.(2.1) has the following two kinds of solutions :
The solution corresponding to positive sign $in\pm of$ the above expressions is called surface mode, while that to negative sign is called internal mode.
It is well known that the surface mode of wavenumber $k_{0}$ interacts resonantly with the long internal mode if
is satisfied, where $c_{g}(k)=d\omega_{+}(k)/dk$ is the group velocity of the surface mode, and
is the phase speed of the internal mode in the long-wave limit. Next, if the bottom is uneven and $V\approx c_{p}$ , the long internal mode is generated resonantly by the unevenness. That is, since the group velocity of the right-going wave of this mode relative to the bottom is very small, the amplitude of the generated wave is expected to become much larger than the height of the bottom unevenness.
Aiming at examining the system with not only the resonant interaction but also the resonant generation, we assume that, using $\epsilon(\ll 1)$ , there exist the surface mode of wavenumber close to 
Method of numerical computation
The trapped coupled solutions for $q=1$ were computed numerically. That is, solutions to the equation Here, if $f(X)$ is a solution to eq.(4.11), then $f(-X)$ and $-f(-X)$ are also solutions. Therefore, $f_{r1}(X)\equiv f_{n}(-X)$ and $f_{r2}(X)\equiv-f_{n}(-X)$ are also the solutions for $X\geq 0$ , and they satisfy $f_{r1}(0)=f_{p}(0),$ $f_{r1}'(0)=-f_{p}'(0)$ , and $f_{r2}(0)=-f_{p}(0),$ $f_{r2}'(0)=f_{p}'(0)$ . Consequently, the intersection between the original $(f_{0}, f_{0}')$ curve and either of the $(f_{0}, -f_{0}')$ curve and the $(-f_{0}, f_{0}')$ curve implies the existence of a trapped coupled solution. Among the intersections, those satisfying $f_{0}'=0$ correspond to symmetric solutions, whereas those satisfying $f_{0}=0$ correspond to antisymmetric ones. Other intersections with $f_{0}\neq 0$ and $f_{0}'\neq 0$ imply the solutions which are neither symmetric nor antisymmetric. Hereafter, we refer to the solutions as asymmetric solutions.
In the numerical computations, Adams predictor-corrector method was used to integrate eq. is an arbitrary function), the solution to eq.(2.16) with $H\equiv 0$ , is also a steady progressive wave far from the bottom unevenness. The interaction between the steady trapped waves shown in this paper and these two kinds of progressive waves coming to the bottom unevenness may be an interesting theme. Its characteristics will be shown in the near future. 
